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MBMCRANBOM FOR HSAR AtMIRAL MC IKTIRB, (MC), P.S.N . 

Ibe TTobltm: YlniS out all you can about BeTylliusi. 

Analysis of the Probl«i; 

History ; 

•Bie oxide of beryllium was Identified as a new ''earth* In 1797 
and dealt vitb extenslrely in the Annals of Chm^istry and Physics in 
1798 (1). Tlie natal was first isolated In 18S7 (2). The autborltative 
pablished eork of Sisaans and Halslce (3) recounts the many difficnlties 
encoiintered by the early inrestigators and the aohiSTaBients of LebeaUt 
Fiehter, and Oesterheld^ ^s itell as the eventual derelopsent of 
methoda for consaarclal production. All is a ooeipreheEsiTe InTestigation 
of the element. 

From 1833 to 1937 there were printed serersl isportant papers in 
the aeientifio literature of this country, but no important paper has 
been found for 19S8 or 1939. Ihe radio and popular press has hinted at 
deTslopments , but cooTincing details are lacking. "Gensany^s tJp in 
the Air" (4) is a late hint at vith-held inforsation on the neir derelop- 
ments in the oetalurgjr of berylllua. The Bur<mu of Construction and 
Bepair has been anst helpful, but skeptical of soae of the popular 
Claims concerning epochal dlsco^m^ concerning this element. The 
same statement bolds for ni»erous other technical sources. However, 
there is an abiding conviction that there is more than popular appeal 
behind clever psropaganda, Thia statement is based upon tbe fact that 
this elMBsnt bas not been sufficiently studied or the data sufficiently 
consistent to warrant calculations (5). 

(1) L.K.Tauquelin: Ann. de Chem, et de Phya. {1798} (1} se, 155-179. 
(S) F. ffohler; Ann. der Fhys. h Chea. (Poggendorff ) 18S8, 13577-S88. 
(8) Siemens Konzem; Beryllium, its production and application. 
Chem. Catalog Co (Hhelnhold Pub. Co. } 1932. 

(4) Ken; April 6, 1939, p. 18. 

(5) Contributions to the Data on Theoretical Metallurgy. 

Y. Heats of Fusion of Inorganic Substances. S. C Kelly. 
Bull. 393. U.S. Bept. Interior, 1938. 
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Bavylllia is &ot a iMrtieuIarly rtr* almMnt. It !• ooastftarad 
as bslng atettt 10 tlMis as aInutAaat la aatars as tla, lAiieh baa oos- 
nonly sold for 50^ or lass par pound. Barylliua, avan ifhao alloyad, 
aalla for $23 per pound* Thta ia probably dtia to tha faat that tlna 
o&ly Imoan (coMM»rolal) ora* baryl eoRtalna only about ^ barylliiai 
•ad tea baan found la eoBaiareially aeeaptabla foxw In aona pojpaatitis. 
llMa* la tura do itot ooaatltuta «ora than V^ of tha aarth'a ovost and 
aaldoH inolttda aora than 1^ baiyl. Thia aparaa and arratlo dlatribu- 
tloB of baryl aeeouBta for tba diff leulty of miklag aatiaatas of tha 
vorld'a aupply and tha eoat of Kinlng, as thara la llttla ehanos for 
othar Kotala to baar a part of the aoat of production. There la little 
barylliUB; ooourrtng In aeeoadary alaerals so thla preeludea berjrlliun 
beiac produaed ae a by-produet in other Btlnlng operatl<ma - that la; 
it la too diluted to be reeoirered on a eo—s roial baaia. 

In view of the foresoiag relating to the sparse oeeurrenee it say 
sees paradoxloal to report that at preaent wore ore la offfMmM than 
eonawsers eaa ui». Induatry would not be Juatlflad in expanaion until 
refttlar aad adequate auppllea of the ore are aasured. Doubtleaa the 
deaaad for berylllua alloya aould be brlak and taduatry woald rapidly 
expand if the prlae mre out froa $S3 to flO or |5 per podad (1). In 
^Ich eaae the eteel Induatry would probably abaorb great quaBtities. 
The setaUurgy of berylllm la nuoh aore ooaplex than that of tlso 
Piroeeaaea are aTailabla whereby the metal or ite alloys eould be pro- 
dueed at only a fraotion of the present aaall aeale operation. There 
la naed for ao«e SMn to do for beryl what was done for boxite and 
aluMlnuM* This probably will ot»as, slaee the popular fanay )wa been 
fired by Ita poaalbllltlaa. 

It oceurJ'a in the South Dakota Blaok Hills, Colorado » Brltlote 
India and South teerioa, Canada , Australia » AfrlMi <1). 



{\\ Paul H. Hyler - Minor lietals - Minerala Tear Book 1936 - A 
reriew of IS37, 
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tb« doMsatle 3«Qiiir«Mnts of Iwryl fop 1937 vsi* rappI&vA tvom 
%h» South Dakota ai««k HlUs, ColoMdo» Btitlsh India and Sou«i 
imriea. yigiuraa on doaaatlo pyoduetioa ara aot a'vallabla, bnt ^a 
toeaa Importa mm 173t3 short tona, valuad at 17*671, of vhieh 143.9 
vaM fnm Arsaatlna and 30 tons from British Isdla (!}. 

Ths hsat knoum ladian daposit Is at Ballora, Stadms. Boaavar, 
baxyl oeaura alM* at Kdanoa la Slhar, Padyur aaar Ksngajraa in thm 
ColahatoTa distriot* and in at laaat 2 plaoaa in Totida Rills of 
Bajpatana. 1k» Uaion of South Afriaa la eonsldarad oaa of tha hast 
ifsaarva British wmreaa of barrl supply. Iha aMai«ld Kiaas in tha 
ifeuh^iaa^ Haasa near Laydadorp in Hortham transvaal eontala ra* 
totarahla baryl of noa sam quality. (1} 

It has hean roportad that satarial eanylns ot«r 9ffi hsryl haa 
haaa ailnad in Littla Kaaaqoalaad, Capa Provinea la tha nai^hoiAiood 
of Jaakala Watar aaar stiakopf . Tbm raaarf*a airs said to raprasant 
hundrads of thouaand toaa (t). Sttuplaa of tha haryl avars«ad 10«KIJ( 
BaO. PagMtitaa ax« found alsaalMPS in Afriaa, Canada, 4Bstralia, 
and South ijasriaa, and prohaiay aould ha fovynA in Iteropa* 

Gonaansrs hops that substantially nora than 10,000 tons of haryl 
a year aould be produsad frm soareaa already InTsstlgatad. Tba 
poaaihillty alaays exists that a low srada dapoait mmf ha found aona- 
«aiara In tha aorld ableh would panslt aaaa produetion aathods. Lab- 
oratory flDdlttga Indlaata thara will ha no diffloulty in ooneentrating 
haryl frath flotation when and if aufflelMitly larisa and unifom da- 
poaita ara loaatad and dsnand axpenda. 

The doMsatle industry la miall, hut Inaraaaad in 1937. Att in* 
tallicsnt goasa of tha oonaun^tion of herylllua is 900 tons of haryl 
iB tha ttelted States and prohahly leas than 500 tone for all other 
eountrlas. This Includaa an alloimnce of around 100 tone tiaad directly 
In the earaalo induatry. Soite harylllum oxide is uaad in glass and 
earaaie glaxaa, as ^11 as in imparrefaetorias and high>duty ahraslTes. 
Tha production of heryllluin alloys in 1937 probably did not axoaad 
13,000 pounds U). 

next to the Tilted States, Qemaay is tha aain sourea of barylliua 
products, hovetar tha bitt^ publielsed Italian industry '^^^^Ti^elatlTaly 
important end axparlBUint ia under asy in a nuaher of Suropean oountrias. 

(1) Minor Ustala - Hinarals Tear Book 10SS. 

(%) SendaraoBt L. Beryllium & its Alloys: Sands, alaya and Mlaarala, 
Tol. 3, #S Sept. 1937, pp 93-96, 



lh»or has It that Japan in uaing ISOO Kg of bftryllivm annually and 
and expects moon to undartake produotton at tha rata of 1,000 Kg a 
jraar (1). 

Tii0 principal eontrol of barylllvnn in tha United States is in 
tha Barylllura Corporation, 4S0 Lexington At*. , Saw York whosa praai- 
dant la Indrav Gahagan. Ha raporta that his corporation has absorbad 
tha Brush Banrllluia Co., Clafaland, Ohio, and a«Yeral imallar units. 
The lar^st produotlon laboratory la at Heading, Pa (S). 

The pries of bery^llltta-oopper alloys has been reduoad from 
|30 - $S3 per pounfl of berylliura oontent. The sales doubled in 193d 
aiMl had an iuoreaae of tQ% for 193?. fto figurea are available for 
1938. Ilieaa gains ware probably due to selling pressure. Despite 
the price these alloys are still economloal material for numerous 
apeoial purposes, espseially where hi^ fatij^gue values, or wear and 
eorrosion reaistanoe, etnibined with good eleetrieal eonductivity are 
needed. 

Berylliua-Aluialnum alloys are avallnble end are oreatlng great 
interest. A luister alloy of sueh material edats $80 per pound of 
eontained beryllitm. Alloys with nlokel are available from Gerraany 
and have been proaised domsstloally, but orden fron &ireau of Con* 
struetion end Repair outstanding aore than a year have not been 
delivered (3). Bxports of bexyllium from the IMlted States were 
prohibited in 193S (S). 



(1) ChiiBie it Industrie, Vol. 38,, fd, Dec. 1037, p. ISll. 

(S) Andrew Qahagan - Personal ce»gciu&loation. 

(3) Lt. H.V.B. Madeen (CC), DSN. BnClcR. Personal coBntmleatioh. 
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Basylllim or Oluolmw. Prop«rtl««. 

SvtHaol: B»* A^mie Wcigtit: 0.1. On« of th* mtallo ehmieil 
•lensnts, lsQlua«4 in th« ••as sub-group «s Vam poriodie olas*!- 
fi option as inag&««iiM. 

It is a asXXsuL&ls wstal of s spselfie grsvlty of l.M sad a 
spsslfte host of 0.407V. Its asltiag point is bslov l^st of silvsr. 
In ii fins stats of diTislos It takss firs oo lisatlng 1& air, but 
is psx^aajioat at ordinary tsapsraturss in oxygsa or air; It Is 
rsadlly attaeked by Iqrdrooblorlo and sulpliurle «sids» but searsiJr 
aotsd on by nltrle sold. It bshaTss llks aluntmoa vhsn in solutions 
of oaustlo alkallss. It eoabinss rsadlly with flourlns, broialns, 
oblorlBS, sulphur, salsnlum and pbospttorous (1). 

Ths Mstal is stool gray In oolor. A fraeturad surfaosi wx- 
h lb Its a brl^t lustsr, sblob doss not appsar to ehan9» «ll^ long 
sxposurs to air* probably bsoauso of a thin, transi^rsrat protsotlvs 
oxlds ooating (S). This autborlty statss ths spsoifle gravity is 
approxlavBtsly 1.8. 

tbsrs is no rooordsd aotual dstsntlnatlon of Toung's Modulus 
of slastioltyf it baa bssn satinatsd aeeordln^ to ?%Bssndsn*s lav 
to bs 30,000 Eg par sq. at.a. , or about SOft hlghsr tban steal (3). 
lbs alsatrleal eonduotlflty is approxlaatsly 1/lS that of aoppsr. 



(1) The Snoyelopaadla Britannloa Tol. 3. ZI Sd. p. 616. 
(B) O.Msliua Ilandbueb dar Aaarganlsohsn. Ed 8.,SystSQ fHA, 

Bsryllius 48 - n. 
(S) P.3obs«rbsr. Ustallboraa 1918 181 704. 



Th« pbysleal eocittaiits of 6*r>-llitiR (^}» 



Atonie nuHb«r 4. 
Atoale if«l«^« 9.01 


Halting polmt 
Sp*oSflo gniYlty 


1B85°C 

1,68 at fiO^C 

4.94 to S.30 


LlAMir 4uofl0i«&t of •xpanoiofi 


1«.8 X 10-* 




800*' 


18.3 X 10-* 




300*' 


14.0 X 10-* 




600i* 


15.5 X 10-® 




ftOO'' 


14.1 X 10-* 





ffXf 



16.8 X 10-* 



HMt oondvetiTity K - 0.8647 4- O.OOOTSlt 

- 0.0000004«8t^ 



- o.ooooooan 
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Yetag'a nodulu« of •Iftstlolty 80,000 Kg vv •q.a.M. (oaloulat«a] 



HMit fualon 

Typ* of oryatal lattlo* 

Axtftl ratio 

Vapor prMsur* 



84S.8 Cftl. p«r sa. 
haxafonal oloae peek 
Itl.Se -as S.B83A s S,61A*^ 
ItO-SO Brinvll (09.8 . 99.0K] 
111 BrtBftU (99.95) 
0.001 M.n. Ss ftt approxlmatoly 1400'°C 

ft. a.a. Hg at approxlaataly 1880^0 

VaO il.«. m «it appmKiMt*lf S040°C 



JElMtrlMl C<»tduetlvlt|'r rftolprooal ohaa 5*41 x 10 (80 C) 



(4} L.J* Stott. Properties and Alloy« of BarylliuM. As. Zsatltuta 
^ of Mialttg and Hetallurgieal Xngla*«ra Taolmioal Pablloatloit 
#788. 



trs«a of Baryllitn. 

Beryllltm-«oi)p«r tools are *ldel7 edTertls«4 in laAustrj as 
safety tools ithmv spariclag mii^t eauee an axploslon or firs. Thes* 
tools art rsprtasntsd by axsa, wira brushes, batchata, liasBsterS} 
serapars, eladgss, vraokl&ii bar*, aaulklng tools, pleks, ohtsals, 
dplft pins, puit«ti«B, attd a vifia variaty of «r«&c^es. 

The hsat treatmant and barylllua eontant of tbe alloy pernlts 
tssiparlng treafcosnt to strangths ooiE^rable with good alloy stasis. 
Tbxi9 a better tool 1b produead than th« ohaapar bronza tools for 
flahgaroua trades (1). 

I^irthar uass: Tuaa ollps, swltoh bladaa, vibrator arms* eon- 
taet brushas, epplianoa plug elips, plugboard co&taota, avltoh jaws, 
circuit brsakar springs, relay apricgs, brush holder aprlnga, alee- 
trie range switch parta, tharmoatatio oontrol apringa, apringa^Xeaf 
or helieal, oontaot springs, spring vaaliars, aiphon bellows, dla- 
phragna of all Icinda, fountain pen clips, oanera parts, lnstru»ent 
parts, gssollne and oil punip parts, oanea, iralTo parta, wateh parts, 
gears, praeisioa bearings and buahinga, plaatio nolda, die easting 
dies, welding eleetrodea, nou apas^ing toola, optleal alloys. Cer~ 
tain parta of surgical instruoenta (ahers eleotrieal contact i»y be 
wanted). Reputed air plane oonatruotion to obtain lighter weight 
than aluminum and the etrength of steel. %iB secret alloy depends 
not Bo aud|[ upon the proportion of copper beryllium, etc. as it does 
upon the peculiar aethod of mixing the« (2) {3). Stott and Stnonde (4) 
report on the advantages of Be»cu alloys for molds for plaatlca irtiere 
fine details are required and they ba-re a thensAl eonduotlYity more 
then twice that of ateel > lAich enablea ahortenlng the etoulding 
cycle. Such a caating can be heat treated to about 100,000 lbs. per 
sq. in. with a bardnesss of about 42. 



(1) Advertising Pamphlet • Tbe Beryllium Corporation. 

is) InfonsAtion from !!%te Berrlllum Corp., Hettding, Pa. 

(S) Oeraany*8 Up in the Air: Ken: April 6 - 1939 p. 19. 

U) Stott, X.ouis L. and Slaonds, J. Xarl - ha&mn Plastics 1937. 
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BoolnwII 0. Carson {1} rv^rtm on th« ^Imete havdcning of 5»»Ca 
i*!iera %h* liardaosa and atmngth InorMiso vlttt high t«aporaturaiff aaa 
h» «tftt»« fhat px«perXy tnatad BvCii iQevmsa th« serTles life of 
Fzfttt and Whitnoy eostyollabla i^ttoh p7o|Akft«r. Dia hl|^ stvengtii 
of hoyylllum-oopFOr aIlo:r* allows tha aae of bearing presmirea sraatai* 
thao, 4,000 lb. p0T «ii* In. AthouisJi tha baaring rotates only 8 4a- 
graaa asTsra nlbxmttons and h&^pi baarlug loads oatiaad othai? nwtarlals 
to fall in a xalatiToly short tiias. With barrlHtm eoppar bubs haviiMI 
360 Brl&all hardnaaa and a ehroMSHBolrbdteua ataal shaft hardw&iiMS to 
410 Briaall, Jf^ sou f flag or «aar wis foaad aftar aora than 3,000 
hours of sarvtea. Turthar avlatloa tiaas are iBdleatad, but tha axetat 
Vt»m and tnfoTiaaat are oonfldantial. At laaat tha BaCu alloy a ara 
aharaotarlsad by unusually hi|^ vaar raaistanoa • about B ttosa tha 
wear raslatanea of bronaa agaiaat steal. 

BarylliUM - I4#t vatal Alloys. 

Slsea Ba is 8o»»«^at siailar to aaipiaaiusi or alaaiaim in prof* 
artlas efforts ha^e beea aade to use it irttara llelkttiasa la ra^ulrad. 
Boiwvar, tha pura aatal appeara too brittle for atruetitral •»»•, nor* 
over baiTllium aattaa to be inert with acwa matala or aota llks allleon 
Ib l&a alloying affaat. 

Arohar and Fink (2), Matignoa and CalTsrt (S) haTe painted out 
that pure aluadnum could ba aga hax^anad «&th beryllliaB. this taedaney 
is found only to a aaall extant in alloya of ^a dnralimiB type 3. Tha 
raalstanaa to 'SMir of piatoa alloya aaa ba inovaaaad. 

Inveatigatlon Is gdiag on in tha flald of tnagnaaiun beryUiugi 
alloys (4) (Q). 

Lieutanant Co«B»Bdar (kitton in the Snginaaring Dlvlaion of Aero* 
nautioa «as fxmnk, but skaptloal oonaaznlng tha utility of baz^lliui- 
altuBittun alloya #tr atnaotural uaas (6). 

««.».— I II II I 1 I I I ■i n i».». »i« i.i «.i i. u i« » I I II I I I I I i M i L it u I I I.PI—— I1IIII ■ I II I 

(1) Caraon, Bobwrt Mj Prodaet Snginsering Msy 1935, 

it) Trana. Am. ^S^. M.S. (1088} 78: 016. 

{3} Matignoa and Calvert: Gc^pt. rand (1^3) (1) 9, 1IK»6. 

(4) Lottia L. Stott: Aa. Instlt. Mining and Ma talluirgloal 
Engineers. 1!<aeh. Pub. 738, p. 3. 

(5) SiaeMas Kooaam: Wlaaanaeh* Taroff. ad. Slaamia Eonsaxn (1929- 
1930} 8. 

(d) ENiraoaal oomsonieation. 
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Borylliun and I9iok«l 



Nlok«l alloys can be nado h«at- treatable by adding snail 
puroentagoa of berylllim (1). Sp»oiallz»d equlpmsnt appears 
nsovssazy for fabricating berylllvmi nlokal alloys (S). It appsars 
froa tha literaturo tihat this work has progressed onioh further In 
Oerraany tlmn In this cotintry. Ihia alloy Is exoesdlngly corrosion 
resistant and non-tnagnetio. These properties, ooabined with an 
ilAstio limit of SOO.OOO lbs. per square inch hare oaused Swiss 
imteh auikers to shift to this for main springs for high grade 
watches " replacing steal (3). 

Orders for Bl-Kl alloys from American sources hare not been 
filled after 1 year. There is reason to consider this for air 
plane protection against 30 and 50 Gal. bullets. It can be had 
from Oermany in, rod, sheet, wire. 



{1) Slaslng and Kroll: U.S. Patent # 1685570. 

(8) W. Hesasnbraoh: Takuumgescbaiiolzene Beryllium Legierungen. 

Beraeus TaouomBchmelze (1923-1933). 
(3) Louis L. Stott. Am. Inst. Mining and Metallurgical Eng. 

Tech, Bui. ^738, p. 11. 
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Kroll (1) - in 1936 - mad* a oomprahetiaiT* r«Tiew of th« 
present status of £«-?e alloys and he states that about 0.5,'c 
beryllium closes the gacoaa field In iron. Precipitation hard- 
ening of nlcJcel-iron and niokel-chrorae-iron alloys ia poealblo 
vltb beryllium, but additions to the 18-8 type of stainless steel 
result in a farritic alloy with considerably less oorroslon re- 
sistance. 

An alloy of IS ohrone, 7 nickel, 1-^ beryllium and no carbon 
can be hardened to the high -value of &7S Brlnell. 

ka. austsnitic berylliuni-iron alloy of the tyne 30 chroae, 30 
nickel, 1% beryllium can be cold rolled and then tomoerad to 500 
to 550 Brinell. Invar steel with 35;.> nickel can be hardened to 365 
Brlnell when 1;* berylllua is added. 

In Pxmnce Joapeh Laisaus (£) case hardens iron and Iron alloys 
with barylliua by cementation. He clains to obtain by this means a 
surface hardness on a 0.09 per cent carbon steel of 1506 Vlckers, 
irhich is considerably above that irhich can be obtained by nitriding. 

One per cent of berylliua to nickel iron alloys, with or with- 
out chromitoi and then precipitation - hardened results in a hard 
case (3). I^ose properties are interesting and valuable for arcaa- 
■ent protection. 



(1) Dp. W. Kroll - Barylliu* Iron Alloys: ^totals & Alloys, Jan. 1936. 
(8) J. Laiasus: Goapt. rend (1954) 199 1408-1409. Rerlew de Met. 

{1935 J 32, E93 - 301, 
(3) W. Hroll: U.S. Patent 2029724. 
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BftrrlliuiB - pr*oioua-«et&l allojrsr 

Barylllua-Sllwy . 

B«X7lIiura added to silver tncraaaea the taTnleh reslatftno* (I). 
Tb« dlsadTftstage la that whan in una a aux'faoa Aiffioult to poliaii 
raaulta, hanca no daralopEaant along thla lina goaa on In tha fntltad 
atataa. 

Barylllua-Oold* 

Tha addition of 1% barylllum to fina gold raaulta In a hardnaaa 
of approximataly 85 Hookirall B and a 5^ bez7lli\m glirea 1S2 Rockwall 
B, or well ovar 400 BrlnalX. tha diaadTantaga la If more than 0.9% 
Ba ia addad to gold the allojr baeosiaa too brittle to vozlc. Tbtta . 
ooiaMraiaX application ia to liait it to lov grade gold aoldera and 
dental inlay a. 

Dioxidfttion and Ceaulfurizatloa with Bai7lli«iii. 

Due to the affinity of benrlliusi and solphux' the aetal haa a 
iiaaful pur|K»ae as a deaulftirizer (e). Berylliuii will replaea aoti-ra 
vaduaing alementa suoh aa altirainiim and oaleit»3 from their o^gan eom- 
pounda and aceordiagly la among the best dloxldlaara.Krfcll {3) atates 
"tha deaulphurisation of ateel by uaing Ba ia quite aatoniahlng.* 

In Germany Be ia used In aiaounta of 0«01 and 0*0& % to obtain 
denae, aound, high eonduotlYlty aand caatinga (4) in this country to 
reduce poroaity of easting* and sharp detaila on tha aseaat aurfaoe. 



(1) a.A. Solaan: J, Inatltuta of Matala (1934) 54-171. 

(E) G. Haalng: U.S. Patant 1774837. 

(3) Sroll* W: Matallwirtachraft Vol. 13. Ism. IE, 1934. p. 21. 

(4) ^.B. Thews: Ca««dian Chen.fr Mat. (Starch} 1031} 78-80 
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lltat ts the ftitum of bei^Xlitn? Mr. Qtiwgafi thinks thar* ar« 
tiwiRMdotta |»oaalblllti0s if Mora iaan«y b wa w w av6llat>l« for r«- 
•Mireli Into tha s9*elctX u*** of b«ryllitm. CbTtoualy x«a«aroh ahould 
ba earriad oa in an lutaitslva aannar to oa&*t4tll>« n^t 1« ttltmAy 

SUSAtAHSf: 

Ilia oxide of barrlliUM vaa idantlfiad in !?«?, but tiatil ra- 
oant yaara ^ily a fa» grauM of tba aat«l wftra prodttead. ?ha eoat 
of tho aatal baa variad from about #8000 par pound in 1084 to i|2S 
par pound in 1939. In aasa produotioa »a^oda it ahould eona dovn 
to about the price of tis - 50^ per pound. It la certain that vith 
a reduetloa in price that a great inereeae in u»e eiU ooeur. 

Altboufh of a teiT low apeeiflo graTity (1.64) and having a 
hii^ar rigidity than ateel, there appears little hope for the uae 
of pure h«ryllit»a aa a struetural enginearlae tmtarial - at leaat 
until furtjiar reaeareh l^roves its talue and naaa production re- 
dueea the coat. It hM.» traawndoua poasibllitlea for apeeial uaea* 

Itlleya of beryllitBa with light »etala ha-ve not yet proved 
ooBBaarelally interesting, but there la a ruiBor that Oeraan. 
Italian and posaihly Britiah aourees have beat the U.S. Matallur* 
gieta to the eeoret of uae of beryllium. 

Growing uaee are being found for aoall additiona of the 
elanent to copper and niokel alloys. 

BeryllluER oopper 78. && Be is well iatabXiahed for spring uae 
and for apeoial itun^ae toola. 

Qeznany appears to be leading the world in reaearoh on 
beryllium niokel alloys. Niokel with 1.6^ berylllusi is oapahle 
of heat treatment resulting in values aa high as £60,000 per 
square inoh tensile strength with about 8^ elongation. A non- 
ma^tetio, highly eorrosion'-resi sting baryUiiKa-nlckal-chrone-iroo 
alloy is being used for heat resistant springs and for wstoh main 
springs. 

1%e addition of berylliua to iron-nlokel niekel-ohrone-iron 
permits prsoipitation-hardsning. 

Claims have bean aade for silver-berylliun alloye to decrease 
the tamlah, bat they are not aooepted here. Ooldoberylliuat alloye 
are not auffiolently ductile for praotloal purposee. 
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ni* high Bd-O affinity fviaittii siileftdid tesslfurlEatloB ftetioD 
I mi «»11 «• d«exidAtloa IrMlant. In«WM»«d atuijr end IserMiwid 4«' 

ttMLfid will ia0M««« the «•• of b«J7Xlitn and r«Aa«« tlift prt9«. 
Bts^llltn ci^port* ihitM th« Uhitwd 3t«t«» ««ir8 pK>hil>it«4 in lOSe* 

Sp*etft« i&foxaation oonoAmlDg tho him of bsTylllwi in th* 
i *irl«tlo& iadusKvy hfts bo«ii dlffloult to ohtftin aad wtmb th«n only 

il in a oonfld»atlBl Mnaof . 

fh*t: No ftw>t«tlon <m puro barrXliuft ^*fti foimd 1b this 
oouatiy. <ittotatioa« <m Mast«r alloj* of tHtryXXiiHi with %b» b«8«r 
Bwtals of ooppar, iilokal and Irtm range trom #23 to $40 par pooitd 
of eontalaad ba«7llim. 



• i-tYniT 



I That: WmufiSit ps.Sfl haryllioM la offaxvd is atandavd oonoareial v^| 

^ aliea aad ahapaa. -. i-0 

Xhatt Ba«3rlliaii-aopiHir aafaty toola ara widely advartlaad. 

That: An ahldlag aoaTiotlon lapalia the etweluaioa that 
apaeifie Isfoxwitloa eonoeralng the naa'^of hexylllai la atlatloA 
haa haaa withheld, ho^ In Aaronautiaa and O.ll.Z. 

That; It fttpthar infonuitlcm la dealvao a trip to the 
RaadlDg, Pa. faotory, to Kew York to consult Hr* Oahagan and Dr* 
Kroll and to tee Pratt and niltnay faotory wonld ha produatiTa of 
the deal red raaolta. % 



Q.3. Staphanaon, 
OBwaaiifllar (MC), U*S* llavy* 
In (atarta, Div. of PravaatlTa Hadi^laa.. 
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17 Jfarch 1939 



MMORAMDOt ?QR LISUT. H.7.B. HADSSN. (CC). U3N. 

Herewith your notes on berylliun. This aaterlal will 
be kept confidential. 

I aia enclosing a copy for your conTenience. Thank 
you for the trouble. 



C.S. Stephenson, 
G<!)5Bnanaer (MC), US.NaTy. 
In Charge, Biv. of PrevBatiTe Medicine. 



/ 



Mflraoraadum for Fil« 



17 February 1939 



Subject: Use of Barylllum as an Alloying El«aont. 

References: 

(a) Mmtorandum for File dated SO Aii^st 1936. 

(b) Bucon letter to ONI dated 8 Jan. 1937, JJ46-{37), 



1. On 15 February 1939, a eonfarence vas held in the Office 
of the Technical Assistant to the Chief of Naral Operations. Present 
at tue conference were:- 

Commander Oraf Office of Tech. Asst. 

Commander Bruner — Bireau of ZCngineering 

Lieut. Madeen, (CC) Bureau of C&R 

Mr. Andrew Gahagan Beryllium Company 

Th.9 purpose of the conference was to dieouas with Mr. Gahagan possible 
uaea of beryllium (gluoitt\im) in alloys. Referesaea (a) and (b) corer 
general discussions of this subjeet and are of interest in oonneetion 
with this 73«aoi%nduni. 

2. Mr. Gahagan stated that the Beryllium Company, of irtiich he 
is president, has absorbed the Beryllium Corp. of Araerioa and seTeral 
other smaller ooBipanles. In addition, they hare affiilated with 
Siemens k Halslce, A.G, of Gemajiy so that the Beryllium Co. obtains 
all information ar.d exoluslTe licenses on patents originating from 
Siemens &. ilalske. The agresnent further stitiulatea that Siemens & 
Halske serves the ^ropean market and that the Beryllium Co., serres 
the North and South American nmrkets. This was later changed at the 
request of the British GoTemnent so that Kngland is also serred by 
the Berylliua Company. He has also engaged Lr. liroll of the rational 
Physical Laboratory as consultant. !!he Beryllium Company has a plant 
at Reading, Pa. lAilch was bought so that coiamerclal production of 
Berylllura alloys could be adyanoed more rapidly than is now the case, 
ffhile ccmonerclal production of berylliun alloys le now an aoocaapllahed 
fact {Anaconda}, nevertheless the special processes required in 
melting and 



I 



JJ46-{37) (S) 
From: Bacon 



3. A series of artielea appeared in the isagaaliia "^!etals and Alloys" 
starting with the July, 1936 issue ifeieh is a correlated abstract of 
"Beryllium and Is Alloys.'* Infoiwation gathered frcaa the first of these 
articles indicates the present cost of beiyllium is about ^0.00 per pound, 
and that it ooours In hi^ly e<^plex ores widely scatterad throughout the 
world. The largest deposits in the United States are in the Black Hills 
of South Dakota, Exports of this ore to foreign countries were prohibited 
in 1932, The article also states that, based on a steel weight of 100 
duralumin woiild be assigned a number of 35.4 and pure beryllium SS.?. 

4« Ftmb the above, it Is difficult to conceiTe of a baryllium steel 
CTen approaching in weight that of some of the aluminum alloys, since 
apparently only «a&ll aaHsuats of berylliua. are used in steel. HoweTer, 
it is requested that the 'S&tblX Attache in Rome be instructed to gather 
such inforraation as is available on this steel and also, if possible, 
obtain samples of the steel. 

5. The Bureau has also heen informed throu^ personal corres- 
pondence that a i!r. Ernest liayor, Clarena (Taud), Switzerland, is 
working for a Swiss coavpany which has been granted letter patents in 
certain jSuropean countries, and possibly the ITnited States, for a 
beryllium alujainuza alloy to be used as a steel addition, This alloy, 
the Bureau believes , is similar in general characteristics to that 
referred to in Mr, Hunter*s letter, raferease (a). It is requested that 
the Kaval Attache at Heme also investigate the above mentioned Idr. 
Iftiyor, and obtain such lafonaatlon ss may be possible regarding his 
berylliim aluisinxin alloy addition. 



W.a* IMB0S9I I 

ASaiSTANT CEISF 0? BURSMJ - , 



JJ46-(37) (S) TO 

OONFIDEWTIAL JAN- 6 1937 



Troa: Bureau of Construotlon and Repeir. 

To : Offica of naval Int^lllgene*. 

Subject: Bex7lllua at««l. 

Reference: 

(«} Letter of Hr^rt A. Hunter, ex ensi^» USNRT 
dated 23 Not. 1936. 

1, Ttile Bureau la imaware of any uae 1h this country of beryll- 
luB steel. Laat Auguat unoffielal Infozmtion was raoelTad that beryll- 
iua *es being ueed In a foreign country In the oanufaoture of amor 
plate. There 1« eoae Infornatlon In the litemture ra^^ardlng work In 
Iftglend on the InTeatlgatlon of ateela oontainlng up to 1^ berylllunt 
for possible uso In aeronautical oonstructlon. This InTeetlflatlon ( 
London ijigineering, September S", 193P) Indicated that little prospect 
of beryllium beecalag ^ useful addition to special steels existed. 

Its affinity for ojqrKen riakes Ita Introd ;ction Into steel difficult «n4 
easteful. A hurdnesB peak in the t^nperlne; rens© of 4CO-450 C. exists 
with asaoclatad brlttleness and liebllity to ereelc on cooling, due 
probably to a pivnounoae Yolune change. Inr>act te^ts also ln.«1ieate a 
tandtnoy towards fragility. 

2. KrolX (engineering, 6 r»ee, 1933), states ttiot Be additions 
to niekel free steels result in brlttel alloys due to coariso crsined 
structure of the binary 3e-?e alloy. BowcTer, ho adds that 5^ Ti and 
1% Be glTes a fine grained structure, l*^' of 3e is equlTSlent to Vf> of 
carbon as regards hardening power. Be brings «ibnut age hardenisg in 
carbon-free iron and the naterial can therefore be quenched and thus 
•Baoblned in the soft stats, and thor: eon be hardened by e eonnern timely 
low teioperature ageing heat treatnant* Be la better than alumlnun as 

a deoxidtser and can eonipletely eliminate sulph r in ateel. Sroll 
(BarylUua, Sienes rZonzarn, 193£, page 280 et seq.) sttites that a 
possible uso of beryllium in steels yiould be of the berylllui<) Inrar 
type (lb be, 36^ nl itich In oorroaion resisting and which can bo 
rolled to thin sheets and which has a tenalle strength neorly t' ree 
tlntes that of duraltuain. 
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and fabrication ar« a dlaadfantage and therefore production is not 
being pushed. Beoauae of the great affinity of Berylloum for oxygen 
and nitrogen leading to poor phyaleal properties and inability to 
deform plastically, melting in vacuo is most deairabla, Even so, a 
different technique in forming Is necessary and rolling speeds are 
low compared to those of other alloye, 

3. Mr, Oahagan stated that while omBaaorcially pare beryllium 
could be produced for about $25 a poand, this etep was hot necessary 
and in fact inadvisable in the ease of copper alloys since it can be 
produced and used inuch more economically in the fora of master alloys - 
Melting point of terylliun is 2336 degrees F. while non-ferrous coisper 
base alloys have Mach lower melting points, thereby preventing its 
addition in the p\ire state. There has edso been some use of beryllium 
oxide such as on television fluorescent screens and on coating inside 
of ii^t bulbs in connection with General Electric Ocmpany's research 
on "cold light". Mr. Oahagan is now woi^ing with D.S, Army Ordnance 
in connection with gun barrels. 

4. Mr. Oahagan ims aUced to discuss the alloys of bei^llium i^ieh 
ha considered could be used to advanta^. He etentloned beryllium-copt)er 
and beryllixMi-nicklo {^ Be, 98^ M). The former is well known conaaer- 
eially through its production by the Araerican Brass Company, but it has 
very little use for purposes under the cognizance of this Bureau. Re- 
garding the beryllium-nickle alloy, i*r. Gahagan stated that this is an 
age hardening alloy possesaing v ry excellent fatigue properties, 
tensile strength of 860,000 p.s.l. with 8^ elongation and a Brinell 
hardness niBiber of 460. Production of this alloy to these properties 
require the use of 1" working rolls with 9 backing, i.e. EO high Mil. 
He stated that this alloy was weldable. However, since this is a 
precipitation hardening alloy, the heat of welding will put the beryllliaft 
back into solution, thereby losing strength at the weld, and it is there- 
fore evident that a subsequent precipitation treatment must be given. 

5. Sir. Gahagetn was ther asked if any further developTsents has been 
made on Ee-iO. alloys (high strength -li^t weight alloys discussed in 
references). He stated that SieraenB & Halske and National Physical 
Laboratory had Iven up the attempt and that his own comoany had spent 
#300,000 on research on this alloy without success. Ite AlumiJium 
Company of Merica had collaborated on this project. While Be-Al 
aaterials could be made, the two elsraents were mutually insoluble, 
reaulting 
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In a mechanical mixture of high strength, brlttlenass and extremely 
hl^ cost of raanufaotura. 

6. Mr* Oahagan was then asked whather worlc was proceeding on age 
hardening alloys of the Be-Ni-Fe type (aea references). He said that 
his company was not Trorlclng on this at present, but expected to nt a 
later date. Ha believed that hoth Englantl and CSensany were experi- 
menting with this alloy. 

7* Mr* Qahagan was then asked if he knew of any deTelopmants 
whareln beryllliim had been used as an alloying element in protectlT* 
plating. He stated that English sTiatlon was usin/c thin sheet lant- 
inations of barylllUEi-nlckel for bullet protection around cockpits. 
He also stated that niemans was Inatalllng a 50 ton TEicuum furnace. 
Upon Inquiry by Mr. Oehagan from one source, he was told that it wa* 
for Be-Ni and Be-Cu alloys. Another source stated that It was for 
Be-Nl-Pa alloys. Judging from the size of the lUmaoe, It appeals 
improbable that it would be used for the fortaer. If used for the 
latter, It Is possible that axmor plate Is contemplated. 

8. It was suggested that Mr. Oahasaa contact the present 
suppliers of Bullet Proof Steel and Special Treatment Steel, with a 
▼lew to research work on protectlT© plating containing beryllium. 
In the meantime, Mr. Gahagan will supply this Bureau with a plate 
of Be-Nl alloy 3' x 3' by 1/4* for pumose of testing ballistic 
qualities against 30 and 50 caliber attack. 
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eo August 1936. 

1. No inforeiation Is aTailable as regarde tha yxBm of bai^llim 
{gXu«l&um) in ATSkOT plata, and for that raattar Tary little oonclusiTe 
Information is ainiilabla aa ragarda ita use In ataal. Th« i\raarioan 
Braaa Co. oakaa a Ba-Cu alloy containing about 3f^' Be and .501i HI, ^rhlali 
la an age hardening alloy poaaaaain^ rery high physical propartlafs. 

Z, "QiBTm haa baan scraa work done in England in oonnaction with tha 
i&Teatlgatlon ataaXa containing ud to 1,4 Be for possible use In aero- 
nautleal oonatructlon,' Tiila inTestigation. (^Inginaerinf,, Sept. R9, 19:») 
Indicated that little proa^act of Be baoossing a uaaful addition to apeoial 
ataals exlatad. la affinity for oxyfter. Tateea ita introduction Into ateel 
difficult and waataful. /. hardness p rak in the t9!npoi*ln5 ranga of 400-480° 
0. eziata with aasooiate>l brittlenaaa and liability to creek on cooling, 
due probably to a pronounded Tolune change. Irapaot testa eQ.so indicate 
a tondeney tOTSird:* fragility. 

3. Kroll (^slneerlni^, H Hec, 19S!S), atateB that Be ad(illtlons to 
nlokka frae ataels result tin brittle alloyo due to coarea grained 
atruoture of tha binary Be-?** alloy, KowaTer, he adda that fi"' Mi and 
1% Da giwes a fine grained atruoturet I'f^ of 3e ia equiralent to lf> of 
earboB aa regard a hardening powor. '^ bringa about age hardftnlag in 
carbon-free iron and the itaterial can therefore be quenched and th>8 
■aohined in tha iioft at^te, and then can be hardened by a con.jamtiTely 
low tsaperature ageing heat trorite^ent* Ha la bettor than aliimlnun aa 

a deoxidizer and can completely eliein-.ta sulphur in steal. 

4. It is apparent thot knowlodge of Be in Tory laengra and thla » 
i« probably due to Its great coat, which though now aboxtt $4>0*00 per > 
pound, waa In 19E4 about ;5,uO0 a pound. This no doubt limited re- i 
search until recent years, liowerar, "'iOtala an;*, .'.lloya, be^lnnlna in 

the July, 1935 Issue, ia publishing a corrleated abatraot of "3erylliu« 
and la Alloys. " An extenalfa blbllogl^phy la ap-endod and it la probable 
that additional icfop?wtion in reartily as'iiailable forra will be pro- 
duced in auoeefiding articles. , 



